Background. As the population ages, a greater demand for long-term care services and, in particular, nursing homes is expected. Policy analysts continue to search for alternative, less costly forms of care for the elderly and have attempted to develop programs to delay or prevent nursing-home entry. Health care administrators require information for planning the future demand for nursing-home services. This study assesses the relative importance of predisposing, enabling, and need characteristics in predicting and understanding nursing-home entry.
S the population ages, a greater demand for long-term care services is expected. Nursing homes have traditionally been the most commonly used form of long-term care. Policy analysts continue to search for alternative, less costly forms of care for older adults, and much research attention has been devoted to developing risk profiles for nursinghome admission (1) (2) (3) . Risk profiles are useful for projecting future demands for nursing-home care and for developing and targeting programs to delay or prevent nursing-home entry. This study contributes to the ongoing research by assessing the relative importance of health and socio-demographic factors in predicting and understanding nursing-home entry for a representative sample of elderly residents from the Canadian province of Manitoba.
Many of the previous studies examining factors related to nursing-home entry (4-6) have used Andersen's conceptual framework, which considers the use of health services to be a function of an individual's predisposing, enabling, and need characteristics (7) . Predisposing factors include demographics, social structure, and health beliefs. Enabling factors are those influencing an individual's ability to gain access to health services and they include family and community resources. Need factors refer to the functional and health problems that generate the need for health care services.
Studies have consistently shown that age, functional status and mental status are the best predictors of nursinghome entry (8) (9) (10) . Inconsistent results have been observed for "enabling factors," with some studies showing a reduction in the hazard of nursing-home entry for individuals reporting certain types of income, such as private pension income or rental income (11) , whereas other studies have not found any significant association between income and nursing-home entry (4, 6, 8, 12 ). An inverse relationship between income and risk of nursing-home placement has been observed for a variety of income measures, including monthly household income (13) , and for private pay versus Medicaid patients (14) . More consistent results have been observed for factors reflecting market conditions such as the availability of nursing-home beds, which has been shown to increase the likelihood of nursing-home entry (4, 12, 13, 15) .
A small number of studies have focused on the role played by social networks in reducing the likelihood of institutionalization, arguing that interventions cannot be made to change a person's age, marital status, or health status, but the ability of families, friends, neighbors and other community-based caregivers to provide support can be strengthened (16) . The size and composition of an individual's social support network (9, 12, 17) and caregiver burden (18, 19) have all been shown to be important factors influencing nursing-home entry.
Compared with the functional disability measures, which are strong predictors of nursing-home entry, the other "need factors" that reflect the presence of specific medical conditions have been shown to have either a less important influence on nursing-home entry (11, 12, 15, 20) or, in some cases, no impact at all (6) .
The inconsistency of results of previous research can be attributed to a number of methodological differences, including the specialized nature of some of the study samples, the type of statistical analysis used, the explanatory variables included in or omitted from the analysis, and the quality of the data used.
The present study addresses many of the methodological weaknesses found in previous studies. Demographic, socioeconomic, and health care utilization data are available for a representative sample of all noninstitutionalized individuals aged 65 and above residing in Manitoba on June 3, 1986 , as well as information concerning their mortality and nursinghome experience until June 1991. This made it possible to include both disabled and nondisabled individuals, unlike previous studies (4, 11, 15) . The availability of the date of death and date of entry to a nursing home enabled the use of proportional hazards regression models instead of logistic regression models. Finally, the database contains many variables that are suitable for inclusion as predisposing, enabling, and need factors. In particular, the "need factor" component can make use of the diagnoses available in the health care utilization data to define the presence of a variety of specific medical conditions at any point in time for the period under study. Most previous studies have been limited to the major conditions present at the start of the study period, which are typically asked about in health interviews, and they have relied on the accuracy of self-reported data (6, 11, 12, 15, 20) .
M ETHODS
The data used in this study are taken from a unique prototype database created through a collaboration of Statistics Canada, the Government of Manitoba, and the University of Manitoba. The database combines information on longitudinally linked individual encounters with the Manitoba health care system, through the Manitoba Health Services Insurance Plan (MHSIP) electronic files, over a 7-year period (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , together with detailed demographic, socioeconomic, and activity limitation information for a sample of individuals taken from the 1986 Census of Population and the 1986 Health and Activity Limitation Survey (HALS). The MHSIP database includes an overall registration file, physician services claims, hospital separations (defined as the discharge or death of an inpatient from the hospital), nursing-home entry and exit abstracts, and mortality events. Further details are documented in Roos and colleagues (21) . Individual records from the MHSIP and Statistics Canada files were linked by using probabilistic recordlinkage routines developed by Statistics Canada (CANLINK matching software package). The accuracy of the linkage process is estimated to be approximately 95% for the individuals in the sample (22) . Detailed explanations of the sample design and the record-linkage methodology used to create the database are reported elsewhere (22, 23) .
The sample has been shown to provide accurate estimates of mortality rates, number and costs of medical services, and number and duration of short hospital stays, in comparison with those obtained from the entire MHSIP population file (22) . As a result of an incompatibility of definitions between the Census and the Manitoba data, the sample is known to underestimate the duration of hospital stays of 60 or more days (24) . The sample studied in this analysis is representative of all individuals aged 65 and above residing in private households in Manitoba on June 3, 1986. Proportional hazard regression models (25) were used to estimate the hazard of nursing-home entry for the 5-year time period from June 1986 to June 1991, based on various health and sociodemographic characteristics. Such models are often used to examine the relationship between explanatory variables and survival times, without having to specify any particular form for the distribution of survival times. Instead, the model assumes that the hazard h i ( t ; x ) at time t, for an individual i , with covariate values x , is a constant multiple of the baseline hazard h 0 ( t ) at all times:
where ␤ is the vector of unknown regression parameters associated with the covariates.
The hazard of entering a nursing home is the conditional probability that an individual will enter a nursing home at time t , given that the individual has not entered a nursing home before time t . For each covariate x i , exp{ ␤ i } provides an estimate of the risk ratio, which, in the case of a dichotomous variable, is the ratio of the risk for an individual having x i ϭ 1 compared with the risk when x i ϭ 0. For a continuous variable, exp{ ␤ i } provides an estimate of the risk associated with a one-unit increase in x i , relative to the average risk. Proportional hazards models and other methods of survival analysis are useful in analyzing survival data, because they account for the censoring of observations that takes place when either the end of the study period or death occurs before entry into a nursing home is observed.
Multivariate proportional hazards regression models were fit to the data to estimate the hazard of nursing-home entry. The dependent variable used in this analysis was the time between the start of the study and entry into a nursing home. Observations were censored if either death or the end of the study period occurred before nursing-home entry was observed. Two regression models were fitted. The first model, called the Base-Year model, examines the hazard of entry into a nursing home over a 5-year period based on predisposing, enabling, and need characteristics observed at the start of the study period (June 3, 1986 ). This first model is prospective in that the baseline characteristics are used to predict future nursing-home entry. This model, in combination with population risk profiles, can be used for planning purposes. The second model takes into account changes over time in the need characteristics. Because health status in an elderly population can evolve quite rapidly, it can be argued that when need characteristics are observed only at the start of a 5-year study period-as in the Base-Year model-some characteristics might wrongly be associated (or not) with nursing-home entry. The Time-Varying Needs model is assumed to give a more accurate evaluation of associations between contemporaneous need factors and nursing-home entry. This model can provide more accurate information to policy analysts in their search for means of delaying or preventing entry into nursing homes. For the Time-Varying Needs model, needs variables were updated on a yearly basis, using the health care records from fiscal
year 1986-1987 to fiscal year [1989] [1990] . Separate models were fitted for men and women.
Selection of Independent Variables
In keeping with Andersen's framework, variables were chosen to represent each of the predisposing, enabling, and need characteristics groups. Age, marital status, and education were included as predisposing characteristics. Enabling factors included household size, an urban/rural indicator, various income measures, home ownership, and the supply of nursing-home beds, hospital beds, and physicians in the health region of residence. Need factors included functional disability, hospital and physician use during the previous year, excessive comorbidity, and 18 specific medical conditions. Because functional disability was only observed on June 3, 1986 , it was the only need variable not subject to change over time. With the use of Verbrugge and colleague's classification (26) , medical conditions were classified into three categories: low, moderate and high disability impact.
Summary statistics for all independent variables are found in Table 1 . There are 5,153 elderly persons in the sample, of which 55% are women and over 60% belong to the age group of 65-74 years. There were a total of 295 nursinghome entries for the entire 5-year period under study.
Sample weights were used for estimating regression coefficients and for the calculation of summary statistics to make an inference to the Manitoba population. Given that the sample used in this study was based on a complex survey design, analytical weights were used for the estimation of standard errors of the regression coefficients. Analytical weights were obtained by dividing the sample weights by the average sample weight, so the analysis accounts for the sampling probability and the effective sample size is equal to the number of subjects in the survey (27) .
R ESULTS
Results from the regression analysis are found in Table 2 and show that there are factors associated ( p Յ .05) with entry to nursing homes within each of the three categories of variables.
Base-Year Model
For both men and women, advanced age is an important predictor of nursing-home entry. The only other "predispos- ing" factors that are significant are marital status for men (RR ϭ 1.7 for unmarried, where RR stands for risk ratio) and high education for women (RR ϭ 0.4). Several of the "enabling" factors are significantly associated with nursinghome entry for women. Although home ownership reduces the hazard (RR ϭ 0.7), living in an urban area increases it (RR ϭ 1.6). The supply of nursing-home beds and the number of physicians in the health care region of residence are also significantly associated with nursing-home entry, for women. For every additional available nursing-home bed (per 1,000 elderly population), the hazard for women increases by 1% and for every additional physician (per 10,000 population), it decreases by 8%. The supply of services appears to play a more important role in determining nursing-home entry for women than for men. This may be due to the absence of spousal support among women, who tend to experience greater longevity and are more likely to be widowed compared with males. The only "enabling" factor associated with entry into a nursing-home for men is home ownership (RR ϭ 0.4).
Aside from age, the most important variables that are significantly associated with nursing-home entry all belong to the "need" factor component. Presence of Alzheimer's disease or dementia increases the hazard of nursing-home entry by 20.2 times for men and 10.0 times for women. Other specific medical conditions that significantly increase the hazard of nursing-home entry are musculoskeletal disorders (RR ϭ 2.8) and stroke (RR ϭ 2.3) for men, and other mental disorders for both men (RR ϭ 2.7) and women (RR ϭ 1.8). The hazard is significantly decreased for men that have arthritis or rheumatism (RR ϭ 0.4) or disorders of the digestive system (RR ϭ 0.4). For women, the hazard is significantly decreased if they have a history of disorders of the eye or ear (RR ϭ 0.7) or of the genitourinary system (RR ϭ 0.6). In terms of more general measures of needs, functional disability is an important predictor variable (RR ϭ 3.2 for men and 1.6 for women). In terms of health care utilization, hospital stays of fewer than 45 days for women (RR ϭ 1.9) and the use of more than five physician services for men (RR ϭ 1.7) are significant. 
Time-Varying Needs Model
Most predisposing and enabling variables identified with the Base-Year model as predictors of nursing-home entry remain as such with the Time-Varying Needs model: age, education, being a home owner, and availability of nursinghome beds and physicians. Except for advanced age, risk ratios are of the same magnitude in both models. Marital status for men and the urban/rural indicator for women lost their statistical significance, whereas income became significant for women. Women in the third income quartile showed a hazard of nursing-home entry 2.1 times greater than that of women in the lowest income quartile.
The need characteristics associated with nursing-home entry are generally the same for both models, but their corresponding risk ratios are in some instances very different. The risk ratio for functionally disabled men declined from 3.2 to 2.8. For women, the previously significant association between disability and nursing-home entry disappeared ( p ϭ .07). Hospitalization in the previous year became a much stronger predictor. The risk ratio for hospital stays of fewer than 45 days increased from 1.9 to 2.7 for women, but it remained not significant for males. Hospital stays of 45 days or more became significant, resulting in a higher risk of nursing-home entry for men (RR ϭ 6.5) and women (RR ϭ 5.2). Physician consultation, which was only significant for men, disappeared. Presence of Alzheimer's disease and dementia have a much lower risk ratio when incorporating changes to the health status of the elderly population. However, these medical conditions remain some of the most important predictors of nursing-home entry (men, RR ϭ 4.9; women, RR ϭ 5.6). Three additional specific medical conditions became significant: musculoskeletal disorders (RR ϭ 1.7) for women, and ischemic heart disease (RR ϭ 0.54) and all other chronic conditions (RR ϭ 1.7) for men.
D ISCUSSION

Base-Year Model
Our findings with the Base-Year model that there are important factors associated with entry to nursing homes in each of the predisposing, enabling, and need categories are consistent with the results of many previous studies. The results show that after age, "need" factors are the better predictors of nursing-home entry. Other "predisposing" factors and "enabling" factors are of lesser importance. Within the "need" factor category, specific medical conditions have at least as great a contribution as functional limitations.
The findings for some of the variables warrant further discussion. Marital status results are consistent with previous findings (9) , which showed that for men, regardless of the size of their support network, the presence of a spouse was the most important factor in reducing the risk of nursing-home admission. The absence of a similar significant association for females may be due to the fact that in a couple, the female generally outlives her husband. For the population under study, 83% of women aged 85 and over are widows, compared with 33% of men. No association was found between the size of the support network and entry to a nursing home for either men or women. The absence of an association may be caused by multicollinearity between marital status and size of the support network. Greene and Ondrich (4) suggest that some of the significant effects of marital status previously reported in other studies may have been spurious, because living arrangements were not controlled for. In order to assess this effect, another model was fitted, replacing the two separate marital status and household size variables with a single variable combining information from both. The results are summarized in Table 3 . These results support Freedman's finding (9) that the single presence of a spouse does not significantly reduce the risk of nursing-home entry for women. However, having another person in addition to the husband, even though not strictly significant (p ϭ .06), might reduce the risk. For men, having a spouse present in the household significantly reduces the hazard of nursing-home entry (RR ϭ .32), and having another person in addition to the spouse reduces it even further (RR ϭ .10).
In comparing the results for the wealth variables within the "enabling" characteristics category with previous findings, one should take care in interpreting the results in the Canadian context, where health care is publicly funded. Although income does not play the same role in purchasing nursing-home care services as it does in the United States, increased wealth can provide the opportunity for purchasing alternative forms of care and for making special adaptations to housing in order to enable individuals to continue residing at home. Although income, per se, was not found to be significant, home ownership significantly reduced the hazard of nursing-home entry for both men and women. The lack of association between income and nursing-home entry for a population aged 65 and over is not surprising, because most individuals have retired by age 65 and income alone should not be used as a sole marker of the availability of material resources.
Higher risks of entry into a nursing home for both men and women with Alzheimer's disease, dementia, and other mental disorders or musculoskeletal disorders, and for men who suffered a stroke, were also observed in previous studies. These disorders all belong to Verbrugge's (26) category of conditions having the highest disability impact; that is, the conditions that are expected a priori to be the most likely to lead to institutionalization.
For women, having a disorder of the eye or ear is associated with a significantly decreased risk of nursing-home entry (RR ϭ .71). A risk ratio of less than one is consistent with Verbrugge's (26) classification of eye and ear disorders among conditions having a low disability impact.
Among the conditions with moderate disability impact, the conditions that are significantly associated with nursinghome entry mostly have risk ratios that are less than one. These findings are somewhat counterintuitive. Two broad explanations come to mind. First, it is possible that in cases of comorbidity, the less severe medical conditions might be slightly underreported through the medical care system. The consequence of this underreporting is that the compared subpopulations (e.g., population with arthritis and population without arthritis) are not mutually exclusive, therefore causing errors in the calculation of the risk ratios. Our results are nonetheless consistent with the findings of previous studies. A study done by Houle and colleagues (28) using the 1994-1995 Canadian National Population Health Survey found that arthritis was negatively associated with the presence of an individual in a nursing home. Yelin and Katz (29) , using the Longitudinal Study on Age from the United States, found that "persons with arthritis alone had the same rate of institutionalization in a nursing home as did persons without chronic conditions." Other research has provided mixed results: either no significant association between arthritis/rheumatism and nursing-home admission (10), or a positive relationship when institutional residency was examined (3) .
A second possible explanation is that some medical conditions, such as ischemic heart disease (IHD), do not necessarily lead to functional disability, which is associated with nursing-home entry. Verbrugge and colleagues (26) suggest that the nature of the disease process for IHD is such that patients cut down on their physical and role activities but have little difficulty in activities of daily living. Previous researchers who have found no relationship or an inverse one between the presence of a specific medical condition and institutionalization-for example, heart disease (14), cancer (12, 14) , and respiratory disease (12, 14) -have attributed their findings to the fact that such patients are more likely to die in the community without ever being admitted to a nursing home. Conversely, dementia (14) , stroke (14, 15) , and hip fractures (14,15) (medical conditions requiring skilled nursing care after an acute episode) are strongly predictive of nursing-home entry.
Because comorbidity has been documented to have an important impact on disability (26) , the model presented in this study included this variable in addition to specific medical conditions. The observed lack of association might be caused by an underreporting of the less severe medical conditions. It could also be the result of the inclusion of a large number of specific medical conditions in the model. Because no significant association was found for the number of chronic conditions, the model was refitted to remove these variables to assess the possibility of collinearity ef- 
Time-Varying Needs Model
The Time-Varying Needs model allows us to better understand the impact of changes in health needs on entry into nursing homes. The impacts of predisposing and enabling factors were marginally affected by the use of the TimeVarying Needs model. This is an interesting result, because it supports the assumption of Andersen's model that needs factors are independent of enabling and predisposing factors. The changes observed in need characteristics are quite important. The effect of functional disability and age at the beginning of the follow-up are reduced, probably as a result of the changes over time in the chronic conditions. Although it was not possible to examine the impact of changes in functional status over time in this study, other research has shown a small increase in the risk ratio for high levels of disability when time-varying functional disability is included compared with a static model (30) .
Chronic conditions with long latency before institutionalization have their risk ratio reduced when time-varying covariates are included. This is because cross-sectional data measure the impact of the prevalence of disease and include individuals at later stages of disease, whereas time-varying covariate models measure the impact of incidence of disease. This was observed to be the case for Alzheimer's disease and dementia, which are slowly progressing irreversible degenerative diseases.
Hospital utilization in the year prior to entry to a nursing home became much more important.
Conclusions
The Base-Year model presented in this paper can be quite useful for health care planners. This model provides risk ratios of entry to a nursing home for a 5-year period. This information can be used in conjunction with population profiles and rates of entry into a nursing home for planning purposes (e.g., number of beds). The Time-Varying Needs model provides a more accurate representation of the impact of changes in needs that trigger institutionalization. The findings that certain medical conditions are associated with an increased hazard of nursing-home entry can be useful for prevention purposes. They can allow the targeting of interventions to reduce the risk of acquiring specific chronic conditions and for minimizing their disability impact when present. The impact of social support provided by families and friends seems to play a smaller role in entry to a nursing home. This may be because marital status and household composition serve only as proxies for the actual provision of support. Previous studies have shown that network composition and other characteristics of the support relationship are more important than the size of the support network (31, 32) . This study reinforces the need for collecting comprehensive, longitudinal data on an ongoing basis, in order to better understand the impact of changes in predisposing, enabling, and needs factors that may occur after baseline.
